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PROBLEM TO BE SOLVED: To provide a hydrogen 
separation membrane which is almost free form the 
deterioration of permeability to hydrogen even when 
the membrane is used for a long time. 

SOLUTION: The hydrogen separation membrane is 
of such a structure that a barrier layer 7 is formed 
between a metallic porous support 5 having a 
plurality of pores 3 and a hydrogen-permeable 
metallic foil 9. The barrier layer Is formed of a 
high melting point metal with a melting point of 
1,800^0 or higher or one or more kinds of elements 
selected from the group consisting of Ti, SI, Al, 
Mg, Ca, Y, Zr and Hf and one or more kinds of 
elements selected from the group consisting of N, C. 
O and B. Further, the porosity of a ceramic to be 
used is 20% or below. 
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* NOTICES * 

JPO and XNPIT are not, responsible for any 
damages caused by the use of tbis teemslatlon. 

1 ,Th\s document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[C!aim(s)] 

[Claim IJHydrogen separation membrane which is the hydrogen separation membrane which established a barrier layer between 
hydrogen permeability metallic foils for making metal porous support and hydrogen which have two or more fine pores penetrate, and 
is characterized by the melting point using a not less than 1800 ♦* refractory metal as the above-mentioned barrier layer. 
[Claim 2]Hydrogen separation membrane, wherein it consisted of one or more sorts of elements chosen from a group of Ti, Si, 
aluminum, Mg, Ca, Y, Zr, and Hf, and one or more sorts of elements chosen from a group of N, C, O, and B and porosity uses 
ceramics which are 20% or less as the above-mentioned barrier layer. 

[Claim 3]The hydrogen separation membrane according to claim 1 or 2 forming the above-mentioned barrier layer in a monolayer or a 
double layer. 

[Claim 4]The hydrogen separation membrane according to any one of claims 1 to 3 providing further a metal layer which consists of 
Ag, Au, Pt, aluminum, Pd, and one or more sorts of elements chosen from a group of nickel between the above-mentioned metal 
porous support and a barrier layer or between the above-mentioned hydrogen permeability metallic foil and a barrier layer. 
[Claim 5]The hydrogen separation membrane according to claim 4 forming the above-mentioned metal layer in a monolayer or two or 
more layers. 

[Claim 6]The hydrogen separation membrane according to claim 4 or 5 forming thickness of the above-mentioned metal layer in 0.05- 
1 micrometer. 

[Claim 7]The hydrogen separation membrane according to any one of claims 4 to 6 preparing both sides between the above-mentioned 
metal porous support and a barrier layer and between the above-mentioned hydrogen permeability metallic foil and a barrier layer the 
above-mentioned metal layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the hydrogen separation membrane applied to the manufacturing 

installation and refiner of high-purity-hydrogen gas. 

[0002] 

[Description of the Prior Art]From the former, in order to manufacture hydrogen of a high grade, hydrogen separation 
membrane is used for the power generation system combined with fuel cells, such as a manufacturing installation of high- 
purity-hydrogen gas. As shown in drawing 7 . this conventional hydrogen separation membrane 101 sets the metal 
reinforcing plate which has much fine pores 103 in two or more [-fold ], produces the metal porous support 105, and 
pastes the hydrogen permeability metallic foil 107 together to the surface of this metal porous support 105. When 
extracting hydrogen using this hydrogen separation membrane 101, After carrying out material gas invasion from the fine 
pores 103 by contacting the material gas of the high pressure force containing hydrogen to the metal porous support 105 
side of the above-mentioned hydrogen separation membrane 101, with the hydrogen permeability metallic foil 107. only 
hydrogen can be made to be able to penetrate and hydrogen of a high grade can be obtained. However, when long term 
use of the above-mentioned conventional hydrogen separation membrane 101 was carried out, hydrogen permeation 
performance might fall, and the hydrogen permeation performance required of the power generation system etc. with 
which this hydrogen separation membrane 101 is used might not be satisfied. 
[0003] 

[Problem(s) to be Solved by the lnvention]An object of this Invention is to provide the hydrogen separation membrane to 
which hydrogen permeation performance cannot fall easily, even if an aforementioned problem is solved and it uses it 
during a long period of time. 

[0004] 

[Means for Solving the Problem}ln order that hydrogen separation membrane conceming this invention may attain the 
above-mentioned purpose, it is the hydrogen separation membrane which established a barrier layer between metal 
porous support which has two or more circulating holes, and a hydrogen permeability metallic foil, and a refractory metal 
whose melting point is not less than 1800 ** Is used for it as the above-mentioned barrier layer. When there is no above- 
mentioned barrier layer, in order that a hydrogen permeability metallic foil may contact metal porous support, a metallic 
component contained in a hydrogen permeability metallic foil, for example, Pd etc., is spread in metal porous support, and 
there is a possibility that hydrogen permeation performance of a hydrogen permeability metallic foil may fall. However, by 
making the above-mentioned barrier layer intervene between metal porous support and a hydrogen permeability metallic 
foil, it is lost that a metallic component contained in a hydrogen permeability metallic foil is directly spread in metal porous 
support, and degradation of hydrogen permeation performance can be prevented. Although the melting point of not less 
than 1800 ** is required about metal used as a barrier layer, 2200-3400 ** is still more preferred. 

[0005]ln one mode of hydrogen separation membrane conceming this invention. As the above-mentioned barrier layer, it 
consists of one or more sorts of elements chosen from a group of Ti, Sr. aluminum, Mg. Ca, Y, Zr, and Hf, and one or 
more sorts of elements chosen from a group of N, C, O, and B, and porosity uses ceramics which are 20% or less. 
Ceramics can be conveniently used for the above-mentioned bam'er layer besides a refractory metal. The more the 
above-mentioned porosity Is low. it is desirable and, the more it is made into 20% or less. i.e.. 0 to 20%. It is also possible 
to consider it as 20% or less as another mode exceeding 0%. The above-mentioned barrier layer is formed in a monolayer 
or a double layer in another mode of hydrogen separation membrane concerning this invention. When forming this barrier 
layer by methods, such as vacuum deposition, ionpiating, and CVD, since there is a possibility that that grain boundary may 
sen/e as a defect and a crystal grows up to be a film growth direction, the grain boundary Is also connected with a 
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membranous growth direction. And it depends for an existence place of the above-mentioned defect on a size of a crystal 
decided by construction material and film formation conditions. Therefore, since sizes of a crystal differ when laminating a 
film of a different kind to a thing whose a possibility that a defect will continue is high when making a film of the same kind 
laminate continuously, a possibility that a defect, i.e., a formation place of the grain boundary, will become discontinuous 
becomes large. For this reason, by making a barrier layer into multilayer structure, a continuation defect can decrease and 
degradation of hydrogen permeation performance can be controlled more than the Increase of the nonproliferation effect 
by a barrier layer, and a monolayer. 

[0006]And in another mode of hydrogen separation membrane concerning this invention, a metal layer which consists of 
Ag. Au. Pt, aluminum, Pd. and one or more sorts of elements chosen from a group of nickel is further provided between 
the above-mentioned metal porous support and a barrier layer or between the above-mentioned hydrogen permeability 
metallic foil and a barrier layer. By forming the above-mentioned metal layer, bonding strength of a barrier layer, metal 
porous support or a barrier layer, and a hydrogen permeability metallic foil improves substantially, and a possibility that 
leak etc. may occur under high voltage disappears. The above-mentioned metal layer is formed in a monolayer or two or 
more layers in another mode of hydrogen separation membrane concerning this invention. Thickness of the above- 
mentioned metal layer is formed in 0.05-1 micrometer in another mode of hydrogen separation membrane concerning this 
invention. The above-mentioned metal layer is prepared for both sides between the above-mentioned metal porous 
support and a barrier layer and between the above-mentioned hydrogen permeability metallic foil and a barrier layer in 
another mode of hydrogen separation membrane conceming this invention. 
[0007] 

[Embodiment of the lnvention]A drawing is used for below and an embodiment of the invention is described to it in detail. 
Drawing 1 is the perspective view which cut a part of hydrogen separation membrane concerning the embodiment of this 
invention, and a sectional view according [ drawing 2 ] to the A-A line of drawing 1 . This hydrogen separation membrane 1 
comprises the hydrogen permeability metallic foil 9 with which much fine pores 3 were formed in the surface side of the 
metal porous support 5 provided in the thickness direction by penetrating, the barrier layer 7 provided in the surface side 
of this metal porous support 5, and this barrier layer 7, The barrier layer 7 is not limited to the thing of a monolayer like 
drawing 2 , but as shown in drawing 3 , it may be formed in two-layer or three layers or more. 

[0008]The above-mentioned metal porous support 5 is Fe alloys, such as plain steel and stainless steel, pure nickel, a Ni 
alloy, unalloyed ti, a Tl alloy, a Cr alloy, etc., and construction material the shape, The thing of various modes, such as 
what drilled the fine pores 3 by machining, punching, or etching, can be used for a wire gauze, a nonwoven fabric, a plate, 
or a pipe. It Is allocated between the metal porous support 5 and the hydrogen permeability metallic foil 9, many circulating 
holes 11 are formed along the thickness direction, and the above-mentioned barrier layer 7 is formed with a refractory 
metal or ceramics with small porosity. As for this refractory metal, the melting point is not less than 1800 ** metal, for 
example, Zr. Mo, Ta, W. Cr. Hf, Nb. Ru. etc. are mentioned. The above-mentioned ceramics are compounds which consist 
of one or more sorts of elements chosen from the group of Ti. Si, aluminum, Mg. Ca, Y, Zr, and Hf, and one or more sorts 
of elements chosen from the group of N, C, O. and B, For example, TIN, TiC, Ti02, TiB, Si3N4, SIC. Si02, AIN, 
aluminum203, MgO, Ca02. AlSiO^^, Y2O3, Zr02» TiAIN, Mg0-aluminum2O3, 2 MgO-Si02. etc. are mentioned. As for the 
thickness of the barrier layer 7. 0.5-20 micrometers is preferred. 

[0009]Pd foil, the foil which consists of an alloy containing Pd. the foil of five group elements (V. Nb, Ta). and the foil which 
consists of an alloy containing these five group elements are preferred for the above-mentioned hydrogen permeability 
metallic foil 9. As a desirable example of this hydrogen permeability metallic foil 9. The alloy which consists of one or more 
sorts of metal chosen from the group which consists of Pd alloy, the alloy which consists of Pd and Ag, Y, and a rare earth 
element, and Pd, A monolayer or a cascade screen of the alloy of the alloy of 5 group element simple substances and two 
or more sorts of five group elements, five group elements, and eight group elements, such as nickel, Co, Pd, and Cu, five 
group elements, and the alloy metal of Ti, Mo, Ag, Au, and Cu, etc. is mentforied. The thickness of the hydrogen 
permeability metallic foil 9 is 0.5-20 micrometers. 

[0010]How to produce a hydrogen-separation-membrane member using the above-mentioned hydrogen separation 
membrane 1 is explained. In producing the hydrogen-separation-membrane member which has monotonous type shape, 
the above-mentioned hydrogen separation membrane 1 is laid on top of the base plate which the slot for aeration or the 
hole opened, and it joins a peripheral part by soldering, diffused junction, sealweld, etc. In producing the thing of a 
juxtaductal type, the hydrogen separation membrane 1 is twisted around the periphery of the tubular base pipe which the 
air vent hole opened, and it performs sealweld to the peripheral part. 

rOOIIl Drawing 4 and drawing 5 are the sectional views showing the hydrogen separation membrane 21 which formed the 
metal layer 13 between the above-mentioned hydrogen permeability metallic foil 9 and the metal porous support 5 In 
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addition to the barrier layer 7. This metal layer 13 is formed between the metal porous support 5 and the barrier layer 7 
like drawing 5 between the hydrogen permeability metallic foil 9 and the barrier layer 7 like drawing 4 . As shown in these 
figures. It may be a monolayer, but two or more layers of different construction material may be formed, and it may 
allocate in the both sides between the hydrogen permeability metallic foil 9 and the barrier layer 7 and between the metal 
porous support 5 and the barrier layer 7 further. The construction material of the metal layer 13 consists of Ag, Au, Pt. 
aluminum, Pd. and one or more sorts of elements chosen from the group of nickel. Even if the bonding strength of the 
above-mentioned barrier layer 7 and the hydrogen permeability metallic foil 9 or the bonding strength of the barrier layer 7 
and the metal porous support 5 can be raised and differential pressure faces the use under large environment by this 
metal layer 13, a p>ossibility that leak etc. may occur disappears. 
[0012] 

[ExampleJHereafter, an example explains this invention still more concretely, 

[Example 1] The hydrogen separation membrane 1 which established the barrier layer 7 between the hydrogen 
permeability metallic foil 9 and the metal porous support 5 was formed, It twisted around the tubular base pipe 23 shown in 
drawing 6 . and the tubular hydrogen-separation-membrane member 25 was produced. After continuing passing the mixed 
gas which contained hydrogen in this hydrogen-separation-membrane member 25 under the temperature of 550 ** for 
3000 hours, the amount of hydrogen permeation was measured, and relative evaluation was made as compared with the 
amount of hydrogen permeation before passing mixed gas. Although this result was shown in Table 1 and Table 2, when 
the relative value of the amount of hydrogen permeation after 3000-hour progress was 90 or more, O and in the case of 
60-89, ** and the case of 59 or less were made into x in the judgment. Here, on the relation of the space of space, 
although the result of Example 1 was formally divided into Table 1 and table 2, Table 2 follows Table 1 . The construction 
material of the above-mentioned hydrogen permeability metallic foil 9, the barrier layer 7, and the metal porous support 5, 
the formation method of the barrier layer 7, porosity (defect density), and thickness are also doubled, and are shown in the 
following Table 1 and Table 2. The melting point of the element of Table 1 and Table 2 is shown below for reference. Zr — 
1 852 ** and Mo - 261 7 ** and Ta - 1 536 ** and Ti are 1 670 ** and 1453 ** and Fe is [ 2998 and W / 3380 ** and Cr / 
aluminum of 1875 ** and nickel ] 660 
[0013] 
liable 1] 



http://ww4.ipdlinpit.go.jp/cgi-bin/tran_web_cgi_ejje?atvv_u=littp%3A^^^^ 3/3/2009 



JP.2001-286742,A [DETAILED DESCRIPTION] 



Page 4 of 6 































300Qhii 












KfifTV 


















T 
/ 


in 

IU 




IfM 


inn 


O 






















1— >9 








m 
la 


lO 




ifn 


73 


A 


1— ''I 




U— 




in 


1A 






96 


o 


1-4 








10 


10 




100 


96 


O 










10 


20 




100 


100 


o 


1 w 








1Q 


5 




100 


98 


o 


1-7 








10 


2 




100 


96 


o 


1-6 


Pd-Ag 






10 


\ 




100 


91 


o 


1-0 








10 


05 




100 


87 


A 


1-10 








10 


10 




100 




o 


1-11 






Mo 


ID 


10 


> 


100 


98 


o 


1-12 






Tb 


10 


10 




100 


98 


o 


1-13 






W 


10 


10 




100 


98 


o 


1H4 




It 


Cr 


10 


10 




100 


96 


o 


1H5 






TC 


12 


10 


100 


98 


o 


1-16 








11 


10 


Wk 


100 


96 


o 


1-17 




TB 


13 


10 


100 


96 


o 


1—18 






SLKL 


12 


10 


/\ 


100 


98 


o 


1-19 








12 


10 


100 


98 


o 


1-2D 




ME 




12 


10 




100 


98 


o 


1-91 
1 




AM 


13 


10 




100 


88 


o 










1 1 


10 


100 


98 


o 


1—23 








12 


10 




100 


98 


o 


1«^4 
1 






12 


10 




100 


98 


o 


1-25 








12 


10 




100 


98 


o 


1— 9fi 

1 Aw 








12 


10 




100 




o 


1-27 






UflTV 


12 


10 




100 


68 


o 


1—28 








14 


10 




100 


98 


o 


1-29 






ZrO.*SSO. 


14 


10 




100 


96 


o 


1-30 








10 






100 


96 


o 


1-31 








10 


5 




100 


96 


o 


1-32 








10 


5 




100 


87 


A 


1-33 








10 


5 




100 


96 


o 


1-34 


«T. 






10 


5 




100 


91 


o 


1-35 


V-M 






10 


5 




100 


97 


o 


1-36 


V-71 






10 


5 




100 


98 


o 


1-37 


V-Zr 






10 


5 




100 


96 


o 



[0014] 
[Table 2] 
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[0015]As shown in these Table 1 and Table 2. the fall of hydrogen permeation performance was able to be substantially 
controlled by establishing the barrier layer 7 between the hydrogen permeability metallic foil 9 and the metal porous 
support 5. However, when the result of the comparison material 1-2 to 1-4 is seen, even if it establishes the barrier layer 7. 
when the porosity of this barrier layer 7 is low, it turns out that the fall of hydrogen permeation performance is large. As for 
the above-mentioned barrier layer 7. it became clear from the result of this invention material 1-43 to 1-50 that the double 
layer could prevent the fall of hydrogen permeation performance effectively rather than a monolayer. 
[0016][Example 2] It ranked second, and the hydrogen-separation-membrane member was pressed by the temperature of 
900 **, and welding-pressure 1 kgf/cm^. it joined, and bonding strength was evaluated. Below by 0.1 kgf/cm^, since a 
possibility that leak may occur was during use [ in / in bonding strength / the big environment of differential pressure ], 
bonding strength considered the thing more than 0.1 kgf/cm^ as success (O) in the judgment. The result is shown in Table 
3. 

[0017] 
[Table 3] 
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[0018]As shown in the comparison material 2-2 of Table 3, when only the barrier layer 7 was established, It damaged by 
50 times, but the endurance to start and stop improved between the hydrogen permeability metallic foil 9 and the barrier 
layer 7 by forming the metal layer 13 between the barrier layer 7 and the metal porous support 5 or in its both. As shown 
in the comparison material 2-4. even if it formed the metal layer 13. when the thickness was as thin as 0.02 micrometer, it 
became clear that bonding strength became low. Since there was no comparison material 1-1 of seven barrier layer, it 
was not a comparative object, but it published as a reference value. 
[0019] 

[Effect of the InventionJAccording to this invention, since the barrier layer which comprised few refractory metals or 
ceramics of the defect was established, it is lost that the metallic component contained in the hydrogen permeability 
metallic foil is directly spread in metal porosity support, and degradation of hydrogen permeation perfomnance can be 
controlled. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is the perspective view which cut a part of hydrogen separation membrane concerning this Invention. 
[Drawing 21 lt Is a sectional view by the A-A line of drawing 1 . 

[Drawing 3] lt is a sectional view showing the hydrogen separation membrane which formed the barrier layer of drawing 2 
in two-layer. 

[Drawing 4] lt is a sectional view showing the hydrogen separation membrane in which the metal layer was formed 
between the barrier layer of drawing 2 , and the hydrogen permeability metal membrane. 

[Dr awing 5] lt is a sectional view showing the hydrogen separation membrane in which the metal layer was formed 
between the barrier layer of drawing 2 . and metal porous support. 

[Drawing 6] It is a perspective view showing the hydrogen-separation-membrane member which stuck hydrogen separation 
membrane on the periphery of a base pipe. 

[Drawing 7] It is the perspective view which cut a part of conventional hydrogen separation membrane. 
[Description of Notations] 

I and 21 Hydrogen separation membrane 
3 Fine pores 

5 Metal porous support 
7 Barrier layer 

9 Hydrogen permeability metallic foil 

II Circulating hole 
13Metallayer 

23 Base pipe 

25 Hydrogen-separation-membrane member 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 




[Drawing 4] 
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[Drawing 6] 
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[Drawing 7] 
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